Porous organic frameworks (POFs) as an important subclass of nanoporous materials are of great interests in materials science. In recent years, the discovery and creation of POFs with excellent properties for advanced applications has attracted much attention; and intensive efforts have been contributed to this field. As a result, the design of materials with multi-functionalities is an ever-pursuit dream of materials scientists and engineers. In this respect, a new concept based on topology chemistry is introduced for the rational and target synthesis of POF materials. The present feature article provides an overview on the relationship of building blocks or starting monomers, underlying topological nets, and pre-determined structures. Several important nets are included successively from one to three dimensions. In addition, special emphasis is given to the advanced applications of designed POF materials in the current paper.
Introduction
Nanoporous materials are consisting of a regular inorganic or organic structure, supporting a periodic and porous system. Their pore sizes fall into the nanoscale region of 0.2 nm to 50 nm. Nanoporous solids as a subclass of nanomaterials have been an ever-growing interdisciplinary field of study attracting tremendous interests thanks to their nanostructures and versatile skeletons (ranging from inorganic, inorganic-organic and purely organic components).
1 Between the nanoporous solids three individual classes can be recognized, such as zeolites, metalorganic frameworks (MOFs), and porous organic frameworks (POFs). Zeolites are crystalline aluminosilicates with frameworktype structures that form pores with uniform sizes of molecular dimensions by corner sharing TO 4 tetrahedra (e.g. SiO 4 and AlO 4 ).
2 Metal-Organic Frameworks (MOFs), also known as porous coordination polymers (PCPs), are crystalline compounds consisting of metal ions or clusters coordinated to often rigid organic molecules to form one-, two-, or three-dimensional structures that can be porous. 3 Great achievements in the field of zeolite and MOF materials have been witnessed by a library of their diverse and aesthetically pleasing structures with a large pore size range (from 0.3 to 3 nm); and the parallel exploitation of their important uses in various domains, such as adsorbents, storage/separation, catalysis, optical/magnetic devices, chemical sensors, and biological applications, which are benefitted from their specific properties (for instance, well-defined pores, high surface areas, unique surface property and adsorption affinity). Very recently, POFs (such as covalent organic frameworks (COFs), conjugated porous polymers (CPPs), or elemental organic frameworks (EOFs)), [4] [5] [6] [7] [8] [9] [10] [11] emerging as another family member of nanoporous materials, have been a hot and frontier research theme in materials science and technology; the topic of which is our focus in the present feature article. They are composed of different organic moieties linked by covalent bonds, resulted in ordered and rigid structure. This class of POF materials possesses highly permanent porosity, exceptionally high thermal stability (up to 600°C), and low framework density. By scanning the synthetic routes and structures, two distinguished features of porosity and shared building blocks are well recognized in the constructed POF frameworks. Porosity is a very important physical characteristic of most POF materials, which determines the amount of void space inside the objected material. In the preparation of POFs, the pores are generated through the polymerization of monomers (e.g. homo or cross-coupling). The pores offer vast abilities for atoms, ions and molecules to be interacted or adsorbed on the interior surfaces in a nanometer sized space. The porous property of POF materials would open new routes in the areas of inclusion, host-guest, molecular manipulations and reaction chemistry. In addition to the aforementioned porosity, the building blocks make a great contribution to the construction of POF skeletons. Different types of organic monomers as struts and joints undergo the formation of various organic secondary building units (SBUs), which are further assembled into versatile architectures. The rich compositions of organic moieties, active sites on the internal pores and the connection geometry provide POF solids with functional applications such as adsorption, catalysis and sensing. [12] [13] [14] POF solids can generally classified into crystalline with well-resolved lattice planes and non-crystalline (amorphous or non long-range ordered) materials. Very recently, well-ordered POFs (crystalline, semicrystalline) have attracting more and more interests thanks to their uniform pore system and simplicity in structure. To better understand the context of POF materials, the underlying topology would give us a clear overview on how the building blocks are connected/bridged with each other, and how regular pores/cavities are organized in an artistic way.
Topology Concerns in POFs
A topology is given as a set of ordered pairs of the vertices (points) on a graph (also described in terms of nets); each pair determined an edge of the graph. 15 In chemistry, the graph vertices and edges correspond to atoms/molecules and interatomic/molecular bonds, respectively. Topology has found many applications in the modern condensed matter physics and chemistry, particularly in crystals. The reticular chemistry with the same concept of topology-based science has been commonly practiced in the synthesis of metal-organic frameworks wherein metal ions/clusters acted as vertices and coordination bonds served as edges to make porous coordination polymers, which is developed by the group of Yaghi. 16 This chemistry can be extended to linking organic units by strong covalent bonds of small or light elements (for example, C-C, C-N, and B-O) to give a new class of highly robust and porous solids termed as COFs, the work of which is also pioneered by the same group. 17 The underlying topology plays a fundamental role in bridging different kinds of building blocks and the possibly resulted structures, which is schematically presented in Fig. 1 . Organic monomers are generally utilized in the construction of secondary building units (SBUs), which are the basic and necessary components in POFs (Fig. 1) . Meanwhile, the connection manners (possible sites for forming bonds) direct the geometry of the dimensional nets (one-, two-and three-periodic nets) for the determination of complete topological representatives (stable and preferred ones) by some methods of simplification/transformation, which can be seen from the exemplified monomers in Fig. 1 . Additionally, the "true" topology combined with SBUs and their connectivity, is important for predicting the most likely structure (Fig. 1) . From topological point of view, a comprehensive understanding of the underlying topologies gives us useful hints in the directionality for the construction of POFs with open and robust frameworks. On the other hand, the preparations of POFs are performed by serendipity in the initial growing stage of discovering new materials. Instead of this trial-and-error way, a facile and rational strategy is greatly demanded for the design and synthesis of POF materials systematically. Based on this consideration, topology-directed approach can realize the feasibility of synthesizing predetermined POF structures with unprecedented freedom to design porous materials for specific purposes. 16 Thus, our interests are focused on the synthesis of ordered POF materials (crystalline and some typical structure-ordered ones) starting from the concept of topological chemistry. An example of three-dimensional POFs with diamond topology is presented in Fig. 2 to show you how this approach works in either bottom-up or top-down bidirectional way. In the bottom-up way, the organic monomers are fixed. With a careful examination of available nodes, the preferred topology would be expected assisted with computer tools (e.g. material studio software (MS), TOPOS). In the same manner, once the objective POF structure is specifically targeted; the underlying topological possibilities can be produced by computing skills or databases (i.e. RCSR database). Subsequently, the ideal candidate monomers would be selected by high throughput screening in the top-down method. From this point of view, topology-based strategy offers a guideline for the fabrication of POF architectures with interesting structure properties aiming for diverse applications.
Topology-based synthesis of POFs with
potentially diversified applications
One-dimensional POFs
Low-dimensional organic polymers particular for onedimensional synthetic ones, such as polyethylene, nylon, and polystyrene; have found wide applications in daily life. These 1D polymers are obtained via the covalent polymerization of small building units (e.g. alkenes, amines, and acids). With a close look at the configurations of the small units, it can be found that those 1D polymers are built up of linear monomers. Recently, an important development in the design of low-dimensional porous organic polymers has been witnessed, such as polymers of intrinsic microporosity (PIMs), some hyper-crosslinked polymers (HCPs) and conjugated microporous polymers (CMPs). The underlying topology of 1D POFs can be deemed as quasiregular chains, which is the origin for creating pores. As seen from the relationship between building blocks and topology, two-vertex organic monomers are commonly used to synthesize POF materials with 1D chain nets. Bearing this in mind, the group of McKeown and Budd first reported the preparation of polymer microporous networks (PIMs) from molecular scaffolds of biscatechol derivatives (Fig. 3a) . 18 The network polymer occurs via dibenzodioxane formation (Fig. 3b) . This microporous polymer possesses an open structure, arising from the folding of fragments in the quasi chain (Fig. 3c) . This open structure offers the polymer with a significant proportion of micropores with dimensions in the range 0.4-0.8 nm, and with high intrinsic microporosity (the total pore volume of 0.78 cm 3 g -1 , and surface area above 600 m 2 g -1 ). In the same manner, many PIMs have been produced with the appropriate aromatic tetrol monomers. 19 More recently, Thomas etc. described the synthesis of a new type of microporous rigid polymers with ladder structures (a subclass of 1D chain). The ladder-type aromatic networks with high BET surface areas of up to 1650 m 2 g -1 are obtained by a cyclotrimerization reaction. 20 Up to date, there are some but not many reports on the synthesis of quasichain-like POFs (such as PIMs, CMPs and HCPs) with the potential applications in gas adsorption and separation.
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Two-dimensional POFs
The design and synthesis of crystalline extended porous organic frameworks in which the building blocks are linked by strong covalent bonds, is a developing research area; the topic of which is our first focus in this feature article. 2D POFs organize molecular components into periodic layered networks through forming π-electron interaction systems. In order to achieve 2D POFs with defined topological structures, planar (linear, triangle or square) segments are needed. For clear clarity, the types of SBUs and corresponding structures, and their connectivity are displayed in Fig. 4 . These materials exhibit many desirable properties, including well-ordered structures with uniform pores, high π-electron density, permanent porosity with high specific surface area, outstanding thermal stability, and the lowest densities of any organic materials. The first achievement in the reticular synthesis of crystalline 2D POF materials with regular pore size was made in the group of Yaghi in 2005. 17 The strategy for synthesizing the first two COF members (COF-1 and COF-5) involves using one-step condensation reactions of discrete molecules known to produce six-and five-membered rings that can be appropriated for the synthesis of their extended analogs, as shown in Fig. 5 . The synthesis of COF-1 is based on the molecular dehydration reaction (Fig. 5a ), in which three boronic acid molecules converge to form a planar six-membered B 3 O 3 (boroxine) ring with the elimination of three water molecules. Such molecular structures of cyclotrimerized boronic acids are held in planar conformations by hydrogen bonds. With this knowledge, this reaction was extended to 1,4-benzenediboronic acid (BDBA), in which a honeycomb-like (hcb) structure was expected to form upon dehydration as shown in Fig. 5b . For COF-5, an analogous condensation reaction was used. The dehydration reaction between phenylboronic acid and 2,3,6,7,10,11-hexahydroxytriphenylene (HHTP), a trigonal building block, generates a five-membered BO 2 C 2 ring (Fig. 5c ). It is found that the entirely coplanar extended sheet structure shares the same hcb topology (Fig. 5d) . The pore sizes of COF-1 and COF-5 are determined to be 15 Å and 27 Å respectively, which are derived from N 2 adsorption isotherms. These two porous architectures exhibit high thermal stability (up to 500~600C), permanent porosity, and high surface areas (711 and 1590 m 2 g -1 , respectively). Later on, the same group developed the general utility and applicability of reticular chemistry for the systematic design of composition, structure, and porosity of a series of hcb topology-based COFs having pore sizes ranging 9-32 Å (i.e. COF-6, COF-8, COF-10). [27] [28] [29] This strategy for producing porous architectures via forming B-O bonds has been inherited by many scholars. [30] [31] [32] [33] [34] [35] [36] To be mentioned, the synthesis of POF materials with large pores exceeding 4 nm has also been achieved by reversible condensation reaction in the groups of Bein and Dichtel. [37] [38] These POFs with pore size range from micro to meso scale have paved their ways in different application domains (details are listed in Table 1 ) of optoelectronic devices, [39] [40] and CO 2 capture. 41 For instance, the luminescence and semiconducting properties of COF consisting of pyrene and triphenylene functionalities alternately linked in a belt shape was investigated. 39 The topologically designed COF with pore size of 3.2 nm exhibited a significantly depolarized fluorescence with an extremely low p value (fluorescence anisotropy) of 0.017. Further, the highly ordered structure enables the formation of a conductive path, which makes as-synthesized COF material promising as semiconductors with high electrical conductivity. The preparation of POFs featured in hcb topology can be also accomplished with other linear and triangle nodes via specific reactions. The library of starting monomers with various nodes for producing hcb-based POFs is summarized in Table 1 . Instead of forming B-O bonds, linking molecular building blocks through C-N covalent bonds is prone to yield 2D porous architectures. The representative example is evidenced by CTF-1. 42 Simple aromatic nitriles are selected as the target organic monomers. Fig. 6a shows a schematic representation of the formation of a triazine-based framework material by a trimerization reaction of 1,4-dicyanobenzene. The dynamic trimerization reaction is taking place under ionothermal conditions, which results in the formation of C 3 N 3 rings (indicated by a circle). These C 3 N 3 rings further act as triangle nodes for the connection of phenyl groups. The extensive connectivity of C 3 N 3 and phenyl rings gives rise to continuous sheet layer network. The sheets after geometry optimization are assembled into an eclipsed AAA structure, in which the atoms of each layer are placed above their analogues in the next layer (Fig.  6b) . The crystalline structure of triazine-based organic framework (CTF-1) with hexagonal packing of pores is evidenced by the intense XRD peaks. The sheetlike structure of CTF-1 in hcb net (indicated by rhombus shape) resembles nicely the boron oxide based covalent organic frameworks (COF-1) due to their isoelectronic characteristics. The porosity of CTF-1 is probed by N 2 sorption. The results show that a surface area of 791 m 2 g -1 and a total pore volume of 0.40 cm 3 g -1 are obtained for CTF-1 product. From the pore size distribution determined by NL-DFT, a pore size of 1.2 nm is found in CTF-1 structure, which is in agreement with the pore size estimated from the optimized model. Shortly later, the same research group rationally extended the family member to a new triazine-based framework (CTF-2) from the perspective of hcb topology. CTF-2 is built up from 2,6-dicyanonaphthalene, exhibiting regular pore size of 2.0 nm. 43 The physicochemical properties of the porous covalent triazine-based frameworks are further investigated deeply by our colleagues. [44] [45] [46] [47] [48] [49] [50] The CTF-type materials are good candidates as nanostructured supports for liquid-phase catalytic reactions thanks to their high porosity and high thermal stability. 46, 48 Highly dispersed and active palladium nanoparticles were stabilized in the nitrogendoped porous frameworks. The results showed that the performance of Pd supported on the CTFs surpassed that on the activated carbon for the selective oxidation of alcohols.
With the same principle that A 3 (triangle units) and B 2 (linear units) generally yield molecular networks in hcb topology, we recently synthesized a 2D semicrystalline porous aromatic framework (PAF-6) using cyanuric chloride and piperazine as the initial reactants. 51 The reaction was performed via a one-step polymerization, as depicted in Fig. 7a . The regularity of the structure was further studied by powder XRD, which is a general technique for the determination of crystallinity. Many strong peaks were observed in the XRD pattern (Fig. 7b) , providing a sound proof that PAF-6 was obtained in a crystalline phase. To explore the possible structure of PAF-6, we modeled the structure on Materials Studio (MS) and carried out Focite force-field calculations. The computation result reveals that the planar triazine and chair-form piperazine construct covalent sheets with waves; and the sheets prefer packing at a specific angle to form the expected hcb-type network. The aligned tubular channels result in a pore with a diameter of 11.5 × 12.6 Å. PAF-6 was further exploited as a good drug carrier for ibuprofen drug delivery. This example shows a typical case of the designed synthesis of POFs from the topological perspective. However, it is a pity that as-prepared material is semicrystalline, because there is an amorphous phase in the sample to some extent. Other success of the preparation of C-N bonded hydrazone compound was also made. 52 Recently, hcb-based POF materials can be also successfully synthesized via formation of C-C or B-N covalent bonds between a variety of monomers (Table 1 ) through viable polymerization routes (i.e. cross-coupling reaction). [53] [54] [55] [56] [57] [58] [59] Further attention was paid to the extensive studies of gas/liquid sorption 54, 59 and semiconductivity. In particular, the H 2 uptake of 1.67 wt % was obtained for lithium-modified covalent-organic polymer at T = 77 K and ∼1 bar. 53 The conjugated microporous polymer (CMP-1) network showed a very high volumetric CO 2 uptake at 298 K and 1 bar, adsorbing 1.18 mmol g -1 of CO 2 . [56] [57] Porous aromatic framework material (PAF-5) displayed huge uptake for adsorbing volatile organic compounds (1286, 949 and 1114 mg g -1 at 298 K for benzene, methanol and toluene, respectively). 58 Microporous organic polymer (JUC-Z2) with an hcb topology was found to possess an electroactive framework and exhibit electrochemical ion recognition, which is beneficial for typical p-type semiconductors. 55 As stated in the introduction section, the relative geometry of building blocks plays an important role in the determination of the topology of final structure. Based on this consideration, when square monomers with four nodes are employed for the synthesis of POFs; the final topology of square lattice (sql) would be constructed. Dichtel etc. reported the preparation of a new POF that features a square lattice composed of phthalocyanine macrocycles (Pc) joined by phenylene bis(boronic acid) linkers (Fig. 8) . [60] [61] This process was realized by a Lewis acid-catalyzed protocol to form boronate esters directly from protected catechols and arylboronic acids. This transformation also provides crystalline boronate ester-linked COFs from protected polyfunctional catechols and bis(boronic acids) (PBBA). The crystalline nature of this COF material was confirmed by XRD. After the refinement of the measured XRD pattern profile in the Materials Studio, the unit-cell parameters are produced, which gives great help in the visualization of the arrangement of phthalocyanine units. It was found that phthalocyanines had a strong tendency to stack cofacially in an eclipsed sql fashion within the COF structure (Fig. 8b) . This assembly gives rise to form 2.3 nm pores that run parallel to the stacked building blocks. The nitrogen-gas adsorption measurement shows that Pc-PBBA COF possesses high Langmuir surface area of 506 m 2 g -1 and a maximum pore volume of 0.258 cm 3 g -1 . More interestingly, this COF material with incorporation of chromophores in the framework exhibits unique photoluminescence property. Other researchers forward the synthesis of this series of sqlbased porous POF materials (e.g. porphyrin derivatives) and explore the potential applications in electronics with high charge carrier mobility, 62 heterogeneous catalysis, 63 and CO 2 sequestration. 64 Typically, two new 2D COFs (COF-366, COF-66) with pore sizes of 2.0 and 2.3 nm, possess extraordinarily high one-dimensional hole mobilities of 8.1 and 3.0 cm 2 V -1 s -1 , respectively. These COF materials with high charge carrier mobilites are believed to be representative compounds for designing viable plastic electronics and optoelectronic systems. 62 As-prepared conjugated microporous metalloporphyrin-based polymer (FeP-CMP) was developed as a catalytic scaffold for the activation of molecular oxygen to convert sulfide to sulfoxide. A large surface area of 1270 m 2 g -1 facilitates the transformation reaction with high conversion (up to 99%), selectivity (up to 99%) and a large turnover number. 63 Another example of Iron containing porous organic polymers (Fe-POPs) was presented for outstanding adsorption capacity for CO 2 (~19 wt% at 273 K and 1 bar). 64 In conclusion, the design and synthesis of 2D porous organic frameworks with regular pore systems and high surface areas by the utilization of topology chemistry, is in the endless pursuit. [65] [66] [67] [68] [69] The group of POFs with intrinsic active sites can directly interact with other molecules (for instance gas adsorption or heterogeneous catalysis), [70] [71] and also can be served as good hosts for supporting different species.
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Three-dimensional POFs
Different from low-dimensional and 2-dimensional POFs (2D), there remain big practical and conceptual challenges for construction of 3-dimensional (3D) ordered POF materials. The exploitation of 3D extended structures is of great interests due to a number of possible structures resulted from linking specific building-unit geometries, which would be our next focus. Generally speaking, polyhedra are required for the construction of 3D framework. These polyhedra are connected with planar SBUs or each other to form extended structures (Fig. 9) . In this section, we will introduce the crystalline, semicrystalline, and some non-crystalline but short-range ordered 3D POFs. The pioneer work of rational design for 3D COFs has been achieved by Yaghi etc. by judiciously choosing building blocks and using reversible condensation reactions. 74 To figure out the most possible 3D structure, triangular (3-nodes) and tetrahedral (4-nodes) shaped monomers are selected and targeted for the synthesis of 3D COFs. In planning the synthesis, they chose the tetrahedral building blocks of tetra(4-dihydroxyborylphenyl)methane (TBPM) and its silane analog (TBPS), and triangular hexahydroxytriphenylene (HHTP) (Fig.  10 a-c) based on the design principles of reticular/topological chemistry. Dehydration reactions of these units produce triangular B 3 O 3 rings and C 2 O 2 B rings ( Fig. 10d and e) . After geometry optimization and energy minimization assisted with computation means (Cerius software, force-field calculations), two preferred nets of ctn (Fig. 10f) and bor (Fig. 10g) are envisioned via self-condensation of tetrahedral blocks (Fig. 10a  and b ) and co-condensation with the triangular units (Fig. 10c) . After careful experimental manipulation, crystalline 3D COFs termed as COF-102, COF-103, COF-105 (ctn-type) and COF-108 (bor-type) are produced; and the derived structures of crystalline products of COF-102 and COF-108 are shown in Fig. 10h Subsequently, we have tried to synthesize the ctn-topological porous aromatic frameworks (PAFs) by substituting central atoms of C and Si with Ge in the skeleton. [75] [76] This 3D PAF-14 possess high BET surface area of 1288 m 2 g -1 and interesting fluorescence property. As-designed PAF-14 with a crystalline polymeric backbone exhibits a high fluorescence quenching ability for hazardous explosives, such as nitrobenzene, 2,4-DNT (2,4-dinitrotoluene) and TNT (2,4,6-trinitrotoluene). Other alternative organic monomers with longer linkers are also employed for the formation of highly symmetrical ctn-topology based POF architectures. [77] [78] Later on, we have developed a bottom-up route for the targeted synthesis of 3D PAF materials with ctn-topology. 79 The initial monomer is tetrakis(4-cyanophenyl)methane. With a close inspection, we have found that this monomer is a rigid tetrahedral building block (Fig. 11a) . Moreover, trimerization reaction of the building units can produce triangular C 3 N 3 rings (Fig. 11b) , which serve as triangular building units. Three tetrahedral units (A 4 ) are linked together by a planar triangular ring (B 3 ) to form a secondary building unit ( Fig. 11c and d) . Linking tetrahedral and triangular building units can favorably generate ctn and bor nets. With the simulation with Materials Studio followed by energy minimization, the building up of ctn and bor nets would be visualized by fitting both tetrahedral (tetraphenylmethane) and triangular (C 3 N 3 ring) building units on the corresponding nodes ( Fig. 11e and f) . To facilitate the formation of 3D extended frameworks, an effective synthesis reaction called ionothermal reaction was carried out. Under the catalysis of ZnCl 2 , three aromatic nitrile groups have been trimerized to form the C 3 N 3 triazine ring. Tetraphenylmethane and the C 3 N 3 triazine ring were connected with each other via strong covalent bonds to construct a three-dimensional organic open framework (designated as PAF-2). XRD characterization shows that as-synthesized sample is noncrystalline. Although PAF-2 lacks of crystallinity, the pore periodicity was determined by nitrogen physical sorption. The pore size distribution calculated from nonlinear density functional theory (NL-DFT) gives a value about 1.06 nm. Fig. 11 The designed synthesis process for PAF-2. Tetrakis(4-cyanophenyl)-methane is chosen as the tetrahedral building unit (a) and a planar triangular C3N3 ring (b) is produced by trimerization reaction (polyhedron in light gray and triangle in blue, respectively). A secondary building unit is formed by linking three tetrahedral units with the planar triangular ring, (c) and (d). These building units connected together can produce the expanded ctn (e) and bor (f) nets, respectively. The narrow pore size distribution and computation results provide a proof for ctn based structure of PAF-2. The apparent BET surface area was calculated to be 891 m 2 g -1 and the pore volume was 0.54 cm 3 g -1 . In addition, PAF-2 material exhibits high hydrophobicity and aromaticity, the properties of which result in high selective adsorption towards benzene over cyclohexane. The syntheses of PAF-2 analogues have been continued using different organic monomers via forming C-N or C-C covalent bonds. [80] [81] Interesting properties of ctn and bor types of COFs and PAFs 82 endow themselves with promising applications in gas adsorption (Table 2) , especially for hydrogen storage. [83] [84] [85] For example, the hydrogen storage capacity of some COF series can overpass the Department of Energy's target of 6 wt % at room temperature. 78, 85 Highly porous POF materials with stable structures are greatly demanded with respect to advanced applications. It is well known that one of the most stable compounds in nature is diamond, in which each carbon atom is tetrahedrally connected to four neighboring atoms by covalent bonds (Fig. 12a) . 86 Conceptually, an insertion of specific linkers between C-C bonds in materials is possible to create porosity. In this way, the replacement of C-C covalent bonds with rigid phenyl rings could not only retain a diamond-like structural stability, but also allow sufficient exposure of the faces and edges of phenyl rings; thus, enhanced internal surface area and low framework density are expected. We have performed computational studies using a multiscale theoretical method. We have found that replacement of the C-C bond with one phenyl group (Fig. 12b) can result in P1 structure with a BET surface area of 1880 m 2 g -1 assuming the preservation of diamondoid topology. Addition of two phenyl rings to the C-C bond (Fig. 12c) can almost triple the BET surface area (5640 m 2 g -1 ) as well as significantly reducing the density of the structure (denoted as P2). Further insertion of three phenyl rings in the C-C bond (Fig. 12d) , however, will enlarge the pore sizes of the P3 structure to the mesoscale range. Based on the computational design, we focus on the synthesis of porous PAF materials with targeted P2 structure. Starting from the point of diamond topology (dia), we are motivated to seek a top-down approach to synthesize PAF materials with dia nets. Therefore, tetrakis(4-bromophenyl) methane was selected as the tetrahedral building unit, and the phenyl rings were coupled using Yamamoto-type Ullmann reaction to synthesize P2. Due to the irreversibility of the reaction, PAF-1 in crystalline state was not obtained. However, some characteristic XRD peaks and pore regularity prove that the preferential topology of PAF-1 is dia, which is confirmed by computational study. Further, PAF-1 represents an important member of POFs originated from topological concepts. Assynthesized compound shows extraordinarily high apparent surface area of 5600 m 2 g -1 ; and exceptional thermal and hydrothermal stabilities. These superior properties make PAF-1 a very attractive candidate for gas storage applications, particularly for hydrogen storage (absolute uptake of 10.7 wt% at 48 bar and 77 K) and carbon dioxide capture (uptake of 1300 mg g -1 at 40 bar and room temperature), which are related to clean energy issues. We have extended the work to the synthesis of other types of dia-based POF materials by employing elongated organic monomers. [87] [88] Meanwhile, other groups have also made explosive attempts in the designed synthesis with different connectivity, 89 characterization 90 and exploitation for advanced applications of dia-type POFs, [91] [92] [93] [94] [95] which are summarized in Table 2 .
Zeolite-type POFs are attractive in the family of porous materials, owing to their high thermal stability, more optional connectivity (e.g. octahedral) and versatile crystalline structures. These merits motivate us to advance the synthesis of other topology-based POFs. In the following, we will present the rational synthesis of two typical zeolitic POFs (namely ACO and LTA types). Double four rings (D4R) are commonly known as the crystal growth units for ACO, LTA-type zeolites (Fig. 13) . Linking D4R along the octant direction can generate LTA and ACO nets in almost equal opportunity (Fig. 13) . Cubic octameric siloxane cages (Si 8 O 12 ) have also been widely utilized for the synthesis of inorganic-organic hybrid porous materials by directly linking functionalized D4R with rigid organic linkers. Connecting the nodes with sterically bulky or short linkers can prevent the interpenetration of local networks, which is most likely to result in crystalline porous solids with defined topology. The group of Okubo have reported the self-polymerization of bromophenylethenyl-terminated cubic D4R siloxane cages (BrPh-D4R) by nickel-mediated Yamamoto reaction (Fig. 14) . 96 As a result of the shortened linker (phenylethenyl group), the obtained polymer (Fig. 14) would exhibit less pronounced network interpenetration, and thereby more uniform pore size distribution and higher structural periodicity. Besides, as D4R cages are very rigid, connecting the D4R units through twocoordinated linear linkers would result in the ACO zeolitic topology as a default structure. To verify this assumption, the hybrid polymer was subjected to X-ray diffraction characterization (XRD). The XRD pattern in Fig. 14b The pore diameter of 11.6 Å with narrow and sharp distribution is determined by the NL-DFT method. Other attempts are also made in order to synthesize ACO topology based microporous POF materials. As illustrated in Fig. 13 , it is well known that D4R are secondary building units in the construction of LTA-type zeolite. The zeolite unit cell contains 24 tetrahedrally coordinated T atoms to form truncated octahedra (β-cages) and truncated cuboctahedra (α-cages), the cages of which are linked by D4R. This unique LTA topology with two types of cages has inspired us to make attempts for the construction of new POF materials that share the same zeolitic topology. For this target, we innovated a bottom-up synthesis approach for designated as JUC-Z1 (Fig.  15) . 98 The monomer unit, p-iodiooctaphenylsilsesquioxane (I8OPS), is a cubic nano-building block, such that each octant in Cartesian space contains one functional iodine group. After being treated by traditional Ullmann chemistry methods, biphenyl groups were formed to alternate the T-O-T linkage between double-4-rings in LTA or ACO backbones. With full consumption and careful manipulation of experiments, octaphenylsilsesquioxanes (OPSs) have a big chance to form a two-cage LTA structure. The crystalline structure and porous characters of JUC-Z1 are followed by XRD and N 2 sorption measurements. The XRD pattern shows that a semicrystalline product is obtained.
A main peak at 7.8° is observed, corresponding to a d-spacing distance of 11.3 Å, which is arising from the (200) plane of LTA-JUC-Z1 model. The pore size distribution calculated from NL-DFT theory shows that only two clear narrow distributed peaks of 11.6 and 20.0 Å are observed, which could be attributed to the pore size distribution of α-cage and β-cage compared with the LTA model (14.9 and 21.8 Å). According to the pore size distribution, we propose that the structure of as-synthesized material has the possibility of affording an LTA net. Subsequently, we have also achieved the synthesis of another micro-mesoporous inorganic-organic hybrid material PAF-12 with longer rigid linker via Suzuki cross-coupling reaction with octaphenylsilsesquioxane (OPS, [C 6 H 5 (SiO 1.5 )] 8 ) as basic building units and 1,4-phenyldiboronic acid. 99 The XRD study proves that PAF-12 shares LTA topology. According to argon sorption isotherm, the network of PAF-12 shows classic type IV isotherm and also exhibits a sharp uptake at low relative pressures, indicating micro-mesoporous texture. The pore size distribution of PAF-12 calculated from NL-DFT theory gives only two clear narrow peaks centered at 1.57 and 3.17 nm. Given the aromatic framework and high porosity of JUC-Z1 and PAF-12, both materials were tested for adsorbing organic vapors such as benzene, methanol; which promise greatly potential for further environmental applications. In summary, pervasive studies (Table  2) have been contributed to the research field of the design and synthesis of 3D POF materials from the topology-point of view for diversified applications including gas sorption, [100] [101] [102] [103] [104] [105] and catalysis. 106 
Conclusions and Outlook
POFs are composed of pure organic units containing light elements, which are different from their counterparts of zeolite and MOFs. Since first discovered in 2005, POFs are emerging as a new generation of nanoporous materials. In more recent years, a rapid development in the synthesis of POFs is undergoing, which is witnessed by an even more remarkable growth rate of surface area in POFs than equivalent advances in MOFs. [107] [108] [109] In this paper, we present the general ideas for the construction of POF materials from the perspective of topology chemistry. The underlying topologies play an important role in the targeted synthesis for POFs with predictable properties, because they magically unit the building blocks and structures into a perfect entity. One, two, three-dimensional POFs with recognized topological nets have been described consecutively through the context. We also provide a guideline for the design and synthesis of POFs from bi-direction pathways (top-down and bottom up) after careful examinations of preferred topologies. In addition to the concept of designed synthesis, the fascinating applications have also been introduced thanks to the superior properties of POFs, such as low framework density, ordered porous structures, high surface areas and porosity, and versatile building units in the architectures. POFs have found their wide applications in gas adsorption/storage, optic/electric devices, catalysis and biomedicine.
This paper has just summarized the state-of-the-art development on the design, synthesis, property, and application of porous organic frameworks from the point of view of topology chemistry. With fast-growing and further developing of POF materials, new avenues and opportunities will be opened and provided in this research field. To date, only several types of topological nets including quasiregular chain, hcb, sql, ctn, bor, dia, ACO, LTA; have been discovered among all the dimensionality. Therefore, new nets are highly desired, because different topologies would result in different structures and interesting properties of POFs. In this regard, great efforts are expected to be made towards the synthesis of new types of building units or starting organic monomers with various functionalities. Furthermore, new synthetic approaches or reaction types are needed to fulfill the requirements for the polymerization of monomers. Secondly, advanced and sophisticated characterization techniques are still in urgent need to gain more detailed information on the structures of POFs. The in-depth and comprehensive understanding of POF structures will help us to better synthesize POF materials in a more rational way. Moreover, computational simulation would assist us for the targeted synthesis of new materials. Thirdly, appropriate functional POF materials with high performances, high stabilities and selectivities are expected to be innovated for some specific uses. The further exploitation of potential applications will boost a great progress in the field of porous organic framework materials. In short, we may have just seen the tip of the iceberg in respect to POF materials. Extensive studies are underway and the future of the field is very appealing.
